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(54) Plate heat exchanger 

(57) A heat exchanger 6 has two inlets 63 and 64 
and two outlets 65 and 66 for two counterflow air paths 
7 and 8 through a stack plates 70. The plates 70 are 
vacuum -formed, each having a section 71 with zigzag 
walls 72 forming multiple flow channels 73 between ad- 
jacent plates. The edges of the plates have walls 90, 90' 



that nest with one another and are retained and sealed 
between ribs 95 on two side plates 14 and 15. Four 
grilles 16 to 19 at the inlets and outlets have bars 97 
with recesses 99 retaining the edges of pairs of plates 
70, the bars being separated by spaces 98 allowing air 
to flow between adjacent pairs of plates and into or out 
of the air paths 7 and 8. 
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D scription 

[0001] This invention relates to heat exchangers of 
the kind including a plurality of plates stacked above one 
another to define two separate fluid flow paths between 
alternate pairs of adjacent plates, and retainers for re- 
taining the plates with one another. 
[0002] The invention is more particularly concerned 
with heat exchangers for use in building ventilation sys- 
tems. 

[0003] Heat exchangers are used in building ventila- 
tion systems to transfer heat from warm air extracted 
from the building to cold air supplied to the building. In 
this way, the amount of energy needed to maintain the 
temperature within the building can be minimized. 
[0004] A common form of heat exchanger used in 
building ventilation systems comprises a stack of thin 
parallel plates spaced from one another to form two sep- 
arate flow paths between alternate pairs of plates. The 
warm air is supplied along one path and a part of its heat 
is conducted through the thickness of the plates to the 
cold air supplied along the other path. 
[0005] The ideal heat exchanger should have a high 
efficiency of thermal transfer, preferably above about 
90% and should produce only a low back pressure so 
as to reduce energy expenditure by the fans used to 
pass the air through the exchanger. The exchanger 
should also have a low leakage between the two air 
paths and be easy to manufacture at low cost. 
[0006] The plates used in heat exchangers usually 
have low projecting walls to support the plates spaced 
from one another and to enhance performance. In one 
arrangement, the plates are moulded with zigzag paths 
on opposite sides, the plates being arranged with the 
paths out of phase with one another so as to ensure that 
the flow paths are kept open. Such an arrangement may 
have a high efficiency but produces a high back pres- 
sure because it results in considerable interruption to 
the air flow path as it passes between the intersecting 
walls on facing plates. 

[0007] Conventional heat exchangers have the edges 
of their plates bonded with one another such as by an 
adhesive, solvent or by ultrasonic welding. These proc- 
esses can produce effective seals between the two flow 
paths but are relatively expensive and require special- 
ised machinery. 

[0008]- It is an object of the present invention to pro- 
vide an alternative heat exchanger. 
[0009] According to one aspect of the present inven- 
tion there is provided a heat exchanger of the above- 
specified kind, characterised in thatthe retainers include 
a plurality of first and second surfaces facing one anoth- 
er between which edges of respective pairs of plates are 
retained in sealing engagement with one another. 
[0010] The first and second surfaces are preferably 
provided on projecting ribs between which edges of 
pairs of the plates extend. The retainers may include 
four grilles located at each of the inlets and outlets of 



the heat exchanger. The grilles may be slidable along 
the plane of a face of the exchanger, retaining an edge 
of adjacent plates in sealing engagement and retaining 
a gap between retained pairs of plates opening into one 
5 of the fluid flow paths. The heat exchanger preferably 
has inlet and outlet faces on adjacent faces of the ex- 
changer respective grilles on adjacent faces being slid- 
able towards one another to form a seal between adja- 
cent edges of the grilles. The plates preferably have a 
10 plurality of internal walls defining multiple flow channels 
therebetween along the plates. The internal walls and 
channels on one side of the plates preferably have cor- 
responding channels and walls on their opposite side. 
The plates may have a spacer to retain separation be- 
15 tween adjacent plates over their surface. The spacer 
may include a projection in a channel, an internal wall 
adjacent the projection being reduced so that air flow 
along the channels is not impeded by the projection. The 
plates may have six sides, four of the sides being closed 
20 and two of the sides being open, each plate preferably 
having a side wall along the four closed sides, the side 
walls of adjacent plates nesting with one another. 
[0011] A heat exchanger assembly according to the 
present invention, will now be described, by way of ex- 
25 ample, with reference to the accompanying drawings, 
in which: 

Figure 1 is a schematic plan view of the assembly; 

30 Figure 2 is a perspective view of the heat exchang- 
er unit; 

Figure 3 is a perspective view of a top or base plate 
of the unit; 

35 

Figure 4 is a perspective view of a side plate of the 
unit; 

Figure 5 is a perspective view of an end grille; 

40 

Figure 6 is a sectional side elevation of the grille of 
Figure 5 along the line VI-VI of Figure 5; 

Figure 7 is a perspective view of one type of heat 
45 exchanger plate; 

Figure 8 is a perspective view of another type of 
heat exchanger plate; 

50 Figure 9 is an enlarged plan view of a part of one of 
the heat exchanger plates; 

Figure 10 is a cross-sectional side elevation of the 
plate along the line X-X of Figure 9; 

55 

Figure 11 is a cross-sectional side elevation view of 
a lower, side part of the heat exchanger 
unit showing how the exchanger plates are 
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retained by the side plates; and 

Figure 12 is a cross-sectional side elevation view of 
an upper, end part of the heat exchanger 
unit showing how the exchanger plates are 
engaged by the grilles. 

[001 2] With reference first to Figures 1 and 2, the heat 
exchanger assembly has an outer housing 1 with two 
inlets 2 and 3 and two outlets 4 and 5 located at four 
corners of the housing. A heat exchange unit 6 is located 
in the housing 1 and defines two separate air flow paths 

7 and 8 through the housing. The first flow path 7 ex- 
tends from the inlet 2 through the exchange unit 6 to the 
outlet 4 in the opposite corner and, in use, receives 
warm air exhausted from a room. The second flow path 

8 extends from the other inlet 3 to the other outlet 3 and, 
in use, receives cold air from outside. The exchange unit 
6 operates to transfer heat from the air flowing along the 
first flow path 7 to air flowing along the second flow path 
8 so that the fresh air supplied to the building is warmed. 
The assembly includes two conventional electric fans 
1 0 and 11 located in the housing 1 at the two outlets 4 
and 5 to draw air along the respective flow paths 7 and 8. 
[0013] The heat exchange unit 6 is of the counter-flow 
type having two parallel, vertical sides 61 and 62 and 
four end faces 63 to 66 providing the two inlets and out- 
lets. The unit 6 has a horizontal base 67 and top 68. 
Operation of the two fans 10 and 11 causes warm air 
drawn in through the inlet 2 of the housing to flow in the 
inlet face 63, through the unit 6 and out of the diagonally 
opposite outlet face 65, from where it flows to the outlet 
4. Cold air drawn in through the inlet 3 passes in the inlet 
face 64. through the unit 6 and out of the diagonally op- 
posite outlet face 66, from where it passes to the outlet 5. 
[001 4] With reference now also to Figures 3 to 1 2, the 
heat exchange unit 6 comprises a parallel stack of forty- 
four, six-sided heat exchanger plates 70. The plates 70 
are contained within a base plate 12, atop plate 13, two 
side plates 1 4 and 1 5 and four inlet grilles 1 6 to 1 9. Each 
plate 70 is formed with walls at its edges to provide a 
seal around four of its six sides, leaving two diagonally- 
opposite sides open for inlet and outlet of air. The heat 
exchanger plates 70 are vacuum formed from a thin 
sheet of carbon-loaded uPVC of a black colour, which 
has a high thermal conductivity and is an efficient ther- 
mal radiator. The plates 70 are moulded with a pattern 
of internal walls to form channels therebetween on op- 
posite surfaces that act to contain air flowing through 
the exchanger along defined paths through the ex- 
change unit 6. The heat exchanger plates 70 are of two 
different types: a lower type A and an upper type B, 
which are stacked alternately one above the other. The 
configuration of the lower type of plate 70A will now be 
describ ed with reference to Figure 7. 

[OCT! 5] The plate 70A has a main section 71 of rectan- 
gular shape with forty-three internal walls 72 of zigzag 
shape extending parallel with one another longitudinally 



of the plate and defining forty-two zigzag channels 73 
extending along the plate between the walls. The walls 

72 project vertically on the upper surface of the plate 
and are moulded from the material of the plates so as 

5 l to form a corresponding pattern of channels and walls 
1 o nth e u n id e rs id e of the plate. 

[TOT6] VSB At opposite ends of the main section 71 , the 
plate 70A has an inlet and outlet section 74 and 75, both 
of triangular shape. One side 76 of the inlet section 74 

to has a raised edge wall 77, to close the side, and the 
other side 78 is open with a slightly lowered edge 79. 
Where the raised wall 77 meets the open side 78 there 
is a small step 177 aligned longitudinally of the plate. 
The surface of the inlet section 74 is ribbed with shallow, 

15 parallel ribs 80 extending laterally of the plate and gen- 
erally transversely to the direction of airflow. The inlet 
section 74 also has three higher raised walls 81 extend- 
ing perpendicular to the open side 78. These ribs 80 and 
walls 81 act to channel air entering the open side 78 

20 substantially evenly across the row of ends of the zigzag 
channels 73. The ribs 80 also introduce a small amount 
of turbulence into the airflow. The outlet section 75 sim- 
ilarly has a closed side 82 with a raised wall 83, and an 
open side 84 which connects with the closed side via a 

25 step 183. The outlet section 75 also has ribs 85 and 
walls 86 to help channel air emerging from the zigzag 
channels 73 to the open side 84 of the section. A location 
pip 87 projects upwardly at opposite ends of the plate 
70A, just within the apex of the inlet and outlet sections 

30 74 and 75. The two sides of the main section 71 are 
each closed by a raised wall 90 having an M-shape pro- 
file (Figure 11) extending longitudinally along the plate. 
[0017] The upper type of plate 70B( Figure 8) has sim- 
ilar surface formations, which are given the same 

35 number as the formations for plate 70A with the addition 
of a prime '. The inlet section 74' of the upper plate 70B 
is at the opposite end from that of the lower plate 70A. 
. The plates 70 B are stacked alternately above the plates 
70A and have a pattern of zigzag channels 73' identical 

40 with the channels 73 except that they are displaced 
slightly laterally such that the walls 72* align with the 
channels 73. in this way, the channels defined by the 
underside of the walls 72' are aligned with the channels 

73 on the upperside of the plates 70A to form channels 
45 between adjacent plates of diamond shape in section. 

The top of the internal walls 72 on the plates 70A support 
the base of the channels 73' on the plates 70B. 
[0018] Along the two sides, the main section 71' of the 
plate 70B has side walls 90' of reduced height and of M- 
50 shape in section, which nest on the top of the side walls 
90 of the lower plates 70A. 

[001 9] The triangular inlet and outlet sections 74' and 
75' at the ends of the upper plates 70B are also similar 
to those of the lower plates 70A except that different 
55 ones of the sides 76', 78", 82' and 84' are open and 
closed and the internal ribs 80*, 85' and walls 81 '. 86' act 
to channel air between the open sides 78', 84' and the 
ends of the zigzag channels 73'. The inlet and outlet sec- 
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tions 74' and 75' similarly have locating pips 87' the un- 
derside of which are engaged by the locating pips 87 on 
the lower plates 70 A. 

[0020] I n order to ensure that the zigzag walls on ad- 
jacent plates do not nest with one another and thereby 
restrict flow, the pattern of zigzag walls is interrupted 
over the surface of the lower.plate 70A by several raised 
pips 92 (Figures 9 and 10) located in channels 73 be- 
tween the internal walls 72. The walls 72 in the region 
of these pips 92 is reduced in height to form notches 93 
so that air flowing along the channels 73 can flow 
through the notches into adjacent channels and is not 
restricted by the presence of the pips. 
[0021 ] The plates 70A and 70B are held together with 
one another in a stack by means of the bottom plate 1 2, 
top plate 13, side plates 14 and 15 and the grilles 16 to 
19. The side plates 14 and 15 (shown most clearly in 
Figures 4 and 11) are imperforate and moulded of a rig- 
id, black ABS plastics material with twenty-three parallel 
ribs 95 extending horizontally along their length. The 
spacing between adjacent ribs 95 and their height are 
such that each pair of ribs receives between them the 
mated side walls 90 and 90' of a pair of plates 70 A and 
70B, the facing surfaces 195 of adjacent ribs retaining 
and clamping the two walls together to form a secure 
seal. 

[0022] The four grilles 16 to 19 (shown most clearly 
in Figures 5, 6 and 12) are each of similar construction, 
having twenty-three horizontal, parallel cross-bars 97 
spaced apart from one another to form slots 98 through 
which air can enter between adjacent pairs of plates. 
The external surface of the cross-bars 97 is rounded to 
give an aerodynamic profile promoting free flow of air 
into the slots 98. Internally, each cross-bar 97 has a re- 
cess 99 with opposite facing surfaces 199 between 
which the edges of a pair of plates 70A and 70B are 
received and retained together in sealing engagement. 
The grilles 1 6 to 1 9 are assembled on the unit 6 by align- 
ing one end of the recesses 99 with the corners of the 
exchanger plates 70A and 70B where they are support- 
ed by the side plates 14 and 15 so that the edges of a 
pair of plates locates in respective recesses. The grilles 
16 to 19 are then slid along their length, parallel to the 
edge of the plates 70A and 70B, towards the apex. 
Where two grilles 1 6 and 19,17 and 1 8 meet at the apex, 
they clamp onto the steps 177 and 183 on the plates 
70A and 70B to ensure a good sealing fit along the end 
of the unit 6. Each grille 16 to 19 has an L-shape ledge 
100 along the vertical edge, which locates at the apex. 
Each grille 1 6 to 1 9 also has an angled ledge 1 01 along 
its opposite edge, which overlaps the edge of the adja- 
cent side plate 14, 15. Along the top and bottom vertical 
edge of each grille 1 6 to 1 9 extends a channel 1 02 with 
clips 103, which fasten onto the edges of the top and 
bottom plates 13 and 12. Similarly, the top and bottom 
plates 13 and 12 both have channels 104 along their 
sides with clips 105 (Figure 11), which fasten onto the 
top and bottom edges of the side plates 14 and 15. 



[0023] Considering the grilles 16 and 19 at one end 
of the unit 6, one of these grilles 16 seals together the 
edge 84 of each lower plate 70A to the edge 84' of the 
upper plate 70B directly below it. The slots 98 in the grille 

5 16, therefore, open into spaces betwe n the upper sur- 
face of the lower plates 70A and the lower surfaces of 
the upper plates so that the airflow path 7 extends be- 
tween these surfaces. The adjacent grille 19, however, 
seals together the edge 83 of each lower plate 70A to 

10 the edge 83' of the upper plate 70B directly above it so 
that the slots 98 in the grille open into the air flow path 
8 extending between the upper surface of the upper 
plates and the lower surface of the lower plates. The 
warm air flowing along flow path 7 flows along the chan- 

is nels 73, 73' in a direction that is parallel to but opposite 
from the cold air flowing along the flow path 8. Heat in 
the exhaust air flow path 7 is conducted through the 
thickness of the plates 70A and 70B into the inlet airflow 
path 8. The construction and arrangement of the plates 

20 70 A and 70B ensure that the heat only has to flow 
through a single layer of material between adjacent flow 
paths. 

[0024] The unit 6 is assembled by clipping the side 
plates 1 4 and 1 5 into the base plate 1 2 and then sliding 

25 a pair of heat exchange plates 70A and 70B into the 
gaps between the ribs 95 along the side plates, with the 
plates being located together by engagement of the pip 
87 in the lower plate in the corresponding location point 
87' in the upper plate. When all the pairs of plates 70 

30 have been slid into position, the top plate 13 is clipped 
onto the upper edge of the side plates 14 and 15. The 
grilles 16 to 19 are then slid into place in the manner 
previously described. In this way, the entire unit 6 can 
be assembled without the use of adhesives, solvents 

35 and without having to weld or bond components togeth- 
er. 

[0025] The heat exchanger u nit 6 has six vertical edge 
projections 111 to 116 located around its surface and 
provided on the grilles 16 to 19 and side plates 14 and 

40 15. These projections are a close sliding fit in channels 
211 to 21 6 formed on the inside surface of the housing 
1 , which is of a foamed plastics material, so that the unit 
6 can be slid down into the housing. The engagement 
of the projections 111 to 116 in the channels 211 to 216 

45 forms a seal preventing passage of air between the out- 
side of the exchange unit 6 and the inside of the housing 
1. 

[0026] The arrangement of the present invention has 
several advantages. The manner in which the plates are 

50 retained together at their edges avoids the need for any 
adhesive or welding, thereby considerably simplifying 
assembly and reducing costs. The aligned, zigzag air 
flow paths on the upper surface of one plate and the 
lower surface of an adjacent plate enables a relatively 

55 low back-pressure to be achieved, whilst the spacer pips 
ensure that the airflow paths remain open. Previous ex- 
change plates with zigzag paths have been arranged 
out of phase with one another so that the walls on adja- 
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cent plates cross and support one another. This previ- 
ous arrangement produces considerable air flow distur- 
bance and results in relatively high back-pressure com- 
pared with the arrangement of the present inv ntion. By 
sliding the grilles into position the alignment of the grilles 
with the individual plates is considerably simplified com- 
pared with alternative arrangements. 



Claims 

1 . A heat exchanger including a plurality of plates (70) 
stacked parallel above one another to define two 
separate fluid flow paths (7 and 8) between alter- 
nate pairs of adjacent plates, and retainers (14 to 
19) for retaining the plates with one another, char- 
acterised in that the retainers (14 to 19) include a 
plurality of first and second surfaces (95, 97) facing 
one another between which edges of respective 
pairs of plates are retained in sealing engagement 
with one another. 



side. 

8. A heat exchanger according to any one of the pre- 
ceding claims, haracteris d in that the plates 

5 (70) have a spacer (92) to retain separation be- 

tween adjacent plates over their surface. 

9. A heat exchanger according to Claim 8 and Claim 
6 or 7, characterised in that the spacer includes a 

10 projection (92) in a channel (73), and that an internal 
wall (72) adjacent the projection (92) is reduced so 
that air flow along the channels is not impeded by 
the projection. 

15 10. A heat exchanger according to any one of the pre- 
ceding claims, characterised in that the plates 
have six sides, that four of the sides are closed and 
two of the sides are open , that each plate has a side 
wall (90, 90', 83, 83', 77, 77') along the four closed 

20 sides, and that the side walls of adjacent plates nest 
with one another. 



2. A heat exchanger according to Claim 1 , character- 
ised in that the first and second surfaces are pro- 
vided on projecting ribs (95, 97) between which 25 
edges of pairs of the plates (70) extend. 

3. A heat exchanger according to any one of the pre- 
. ceding claims, characterised in that the retainers 

include four grilles (1 6 to 1 9) located at each of the 30 
inlets and outlets (63 to 66) of the heat exchanger. 

4. A heat exchanger according to Claim 3, character- 
ised in that the grilles (1 6 to 1 9) are slidable along 
the plane of a face of the.exchanger, that the grilles 35 
retain an edge of adjacent plates (70) in sealing en- 
gagement and retain a gap between retained pairs 

of plates opening into one of the fluid flow paths (7, 
8). 

40 

5. A heat exchanger according to any one of the pre- 
ceding claims, characterised in that the heat ex- 
changer has inlet and outlet faces (63 and 66, 64 
and 65) on adjacent faces of the exchanger, and 
that respective grilles (16 and 19,17 and 1 8) on ad- 45 
jacent faces are slidable towards one another to 
form a seal between adjacent edges of the grilles. 

6. A heat exchanger according to any one of the pre- 
ceding claims, characterised in that the plates 50 
have a plurality of internal walls (72) defining multi- 
ple flow channels (73) therebetween along the 
plates. 

7. A heat exchanger according to Claim 6, character- 55 
ised in that the internal walls (72) and channels 
(73) on one side of the plates (70) have correspond- 
ing channels (73) and walls (70) on their opposite 
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(54) Plate heat exchanger 

(57) A heat exchanger 6 has two inlets 63 and 64 
and two outlets 65 and 66 for two counterflow air paths 
7 and 8 through a stack plates 70. The plates 70 are 
vacuum-formed, each having a section 71 with zigzag 
walls 72 forming multiple flow channels 73 between ad- 
jacent plates. The edges of the plates have walls 90, 90' 



that nest with one another and are retained and sealed 
between ribs 95 on two side plates 14 and 15. Four 
grilles 16 to 19 at the inlets and outlets have bars 97 
with recesses 99 retaining the edges of pairs of plates 
70, the bars being separated by spaces 98 allowing air 
to flow between adjacent pairs of plates and into or out 
of the air paths 7 and 8. 



Fig.11. 



70A 




70A 



105 



104 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 1 191297A3J_> 



EP1 191 297 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 7730 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



P.X 



GB 1 071 682 A (HEAD WRIGHTSON AND COMPANY 
LTD) 14 June 1967 (1967-06-14) 

* page 2, 1 1ne 66 - 1 ine 83 * 

EP 1 050 618 A (BSH BOSCH SIEMENS 
HAUSGERAETE) 8 November 2000 (2000-11-08) 

* column 4, line 33 - line 53 * 

* column 7 , line 10 - line 25; figures * 

DE 88 11 129 U (DR. BECKMANN INNOVA GMBH) 
3 November 1988 (1988-11-03) 

* page 7 - page 8; figures * 

GB 1 510 960 A (NICHOLSON T) 
17 May 1978 (1978-05-17) 

* page 2, line 32 - line 47; figures * 



1,2,6,8 



1,2,5 



3-5 



F28D9/00 



US 5 469 914 A (DAVISON ROGER C 
28 November 1995 (1995-11-28) 
* abstract; figures * 



ET AL) 



7,8 



1-10 



TECHNICAL FIELDS 

<lnLCI.7) 



F28D 



The present search report has been drawn up tor all claims 



Race at search 

THE HAGUE 



Dale ot completion at the search 

4 June 2002 



fexa-nne- 

Mootz, F 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document ol the same category 
A : technological background 
O : non-written disctosure 
P : Intermediate documem 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

alter the filing oate 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSDOCID: <EP 1 1 91297A3_I_> 



2 



EP1 191 297 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 30 7730 



This annex lists me patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office Is in no way liaWe for these particulars which are merely given for the purpose of information. 

04-06-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



GB 


1071682 


A 


14- 


•06- 


■1967 


NONE 






EP 


1050618 


A 


08- 


11- 


■2000 


DE 


19943389 Al 


02-11-2000 














EP 


1050618 Al 


08-11-2000 


DE 


8811129 


U 


03- 


-11- 


■1988 


DE 


8811129 Ul 


03-11-1988 














AT 


86382 T 


15-03-1993 














DE 


58903626 Dl 


08-04-1993 














EP 


0336407 Al 


11-10-1989 


GB 


1510960 


A 


17- 


•05- 


•1978 


NONE 






US 


5469914 


A 


28- 


■11- 


-1995 


CA 


2104905 Al 


15-12-1994 














US 


5487424 A 


30-01-1996 




p 

lD For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <EP 1191297A3_I_> 



